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(54) COMPOUND SEMICONDUCTOR ELEMENT AND ITS MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a compound 
semiconductor element such as an LED which is 
superior in characteristics such as light emitting 
intensity, by constituting a laminated structure 
constituted of a group III nitride semiconductor 
crystal layer in which crystal system is regulated in 
hexagonal system on a cubic system substrate, such 
as Si single crystal. 

SOLUTION: This compound semiconductor element is 
constituted of a laminated structuring member 20, in 
which a low temperature buffer layer 102 composed 
of boron phosphide based material whose subject is 
noncrystalline, a buffer layer composed of boron 
phosphide based crystal for which the ratio of boron 
phosphide polymer (B a P £ : 6 1 3, 0 =1 or £ -2) 
is set at least 95.0 wt.% and at most 99.8 wt.%, and the 
ratio of boron phosphide monomer (composition 
formula: BP) is set at least 0.2 wt.% and at most 5.0 
wt.%, and a group III nitride semiconductor crystal 

layer, whose main structure is hexagonal, is formed on an Si single crystal substrate 101 
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[W#gl] 3£* (ytmm^- : S i) ^fcttSSfcfrfi 

§g{&?SJK«Ji ± ^ TgjS £ ft*: , y WkM*#iW (Ba 
Pj3:6^a^l3, /5 = 1 ^ fcf* 0 = 2 ) <D9i&& 9 
5. 0li%ai9 9. 8lf%*»i:t, 

(iftdcS: : BP) <D#|^&0. 2fift%«±5. 

os:*%*wi:-r5 y v{kffl*»«fi^b*sff»s 10 

[W*S3] StrlE®®JS8*JiSr2 0 OtJSJLtS 5 Ot 20 
[0 0 0 1 ] 

[«WOJli-5K«5>»] tt&<omm (S 

[0 0 0 2] 30 
[ft*0S«] S* (tc^IS-^:N) 4r«dc7C*t L-C 

ffl^^/I^^A' (c h a n n e 1 ) Jl^£:*at? 

6 (0«Jx.fi£, Mat. Res. Soc. Symp, Pr 

0 c . , Vol. 4 6 8 (1977) . 481—486 
M#flS) o rr-eill Al aGa J3 

1 rii-a- j3Ni-yMy (0 ^ a, j3 ^ 1 , 0 ^ a + 0 

^ i , m^M&mm^(Dmvmjzm%:m^, o^ y < 40 

1) ^gfr^^#5o 

[0 0 0 3] tESSfdfcoT, ±|EOIII B^flSftM^f*: 

frbtezik&^mfcm^m&commffi&m^ tot* 

^ Ta^iBi (h e x a g o n a 1 ) 3k<0^-7 T ^ 7 (A 

1 2 o 3 ^mitmm (s i o smss^** 

St'fcof: (0J;tf*, Jpn. J. Appl. Phy 
s . , Vol. 34. P t. 2, No. 10 (199 
5) , L 1 3 3 2— L 1 3 3 5 H#RB) o £jfcflHtt"C 
fcfc, St^fi^S* (Si) i|M£iB£:S«£ LTffl^fcll 50 
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ffif&-thffl&tbZ> (Appl. Phys. Lett. , 
7 2 (4) (1 9 9 8) , 4 1 5 — 4 1 7 H#Rg) 0 r 
ftii, S i ^(DJ:^*^^^ K (d i a mo n 
d) Scl^«:Mffi»«E (zinc-blend) §JcD 
A*ftte**:a«ti-tLtf. (a) [0 11] 

(b) if-Sl^^fco-Ctt. *BBJ-<t!9«iflS 

tlx* s i ^jBfioj: p t£mm&<D&jj&m&ttm*t> 

J$"C# 5 5 (Electron. Lett. , 
3 3 (23) (1997), 1986—1 987 H# 
HI) o 

[0 0 0 4] L^L&T^ib, (Si) tW^-tit^ 

(wurtzite) l©A*S2ft^y (ft 
^:GaN) £ CD»iP3£i&©|£S U*^;y^ (mi 

sma t c h) S) fi#?j 1 7%60*:*S^3Si-5 (±1E 
GOAppl. Phys. Lett. , 7 2 (1 9 9 8) 
#«D c rcDfcJ?), S i*fe 0 0SS±t:GaNMfet 

[ooo5] ^ert, si w&&w$l±.\z. v ^itmm 

(ftfiKS: BP) a>fcfc5««B«:!g:M\ te«««_bK 
III R^b*^W»:feS«^dclRi-Sa«^§B^$^T 
1^5 (W¥2- 2 7 5 6 8 2fM#i) o L^L. 
S i (t&T-^iSc (a) - 5. 431 A) tB Pfef B 

(a=4. 5 3 8A) ^CO^&T-^ 3/ ^ffi<>$J 1 6. 
5%i-iS-^5 (J. CrystalGrowth, 1 3 
/1 4 (1972) , 346 — 34 9 H#flB) o t^oT 

^^BP^#^^tL5cO^il0rJ-Cfeo^ S 

re^s^s^tej , voi.2 

A (No. 2) (1997), 15 0H#RB) „ "t"**? 
*>. Ji«T?fc-6III «ai{t»¥**IS*»*:ieiBlStt^*> 

s i mm±.^7£LXf&m-tz>^ttfx$te 
[ooo6] ^fcywfflPi* (bp) fi, 
^i^Tv^^ fin -v^{b^^ 

m (1 9 9 4*5^ 2 0 0 iu)S, («) «at&5i 
rf) , 14 8 h#K8) o Hffi«a«;S!o y v<t:«B**ftff: 

^ B B B ^co^f^Jffl$ft5raSti, ^x.f^8 5 o°C^ 

P)l 1 5 0°CT*fo5 (»M¥2 -2 8 8 3 7 1tatW# 

2-288388 -St-#4*«#JB) 0 
[0 0 0 7] L^L, i@6fe<7>W5S0»J^i»^tf (J. A 
m. Cer. Soc. , 47 (No. 1) (196 
4) x 4 4 — 4 6M#B8) . l 0 0 O'CSrfflx.SKiat? 
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(B) t ] J IsBH* (P) <DM!&ttm (B : P) £13:* 
5 2 BP -> 4 B 13 P 2 + 
MOCVDft«(cJ:5fiS:BIS:«{ci-tL«, /£Rr& 
ftSrl 1 0 0t-l 2 5 Ot: tTZ^tlC <t *9 B 13 P 2 

^?>>is»*/i^ s »bnsi:«ft**fri^ (J. Cr 

ystal Growth. 2 4X2 5 (1 9 7 4) , 
19 3-19 6H#RB) o BBSJJB^ (B) i: y VJl^- 
(P) t<om^L\t (B : P) £6 : 1 sg^fi 1 3 : 2 <t 

-r 5 v xtmrn^mm^ mm#mm: ( r h o m b o h 

e d r i c ) OA^iIiiSUBiB^fcS (J . Am. C e 
r. S o c. , 4 7 (1) (1 9 6 4) , 4 4-4 61 

mm&mt£&B%zwi£T, y www* (bp) 

[0 0 0 8 ] 

»/*■*- fliiftJDfc^ (b) ty^f (p) t<o 

itmm (bp) mm»ta&m&. mmmm»m&m<DT 

mm. mmmmmt Ltit^ti^wj^fc^ 

[0 0 0 9] «B»£fco«$S4:Ti^±K^fc'** 

^^f^iirS^fcor, >£^JlteT^/l<Z>^ B 1i^£r 

?>««;*n51z:**<DiewJi±tc«, fcfri (cub i 

c) t@ (phase j&VMi d o m a i n) ^^Wt'f' Z> 

asSKfcSo *|g^-C(i, S i *3BSS*-b^*SSr 

£ h ft & -T Bf* £:« x. fete* JB ^ b T JfiS fcflWc-T 5 
[0 0 10] b^U^b, JefitB^bllt 

i i: A*aoT*aJi t <7>g^#Hiefl£-c ^ ^ ^ ^ 

[0 0 11] iM^±lc«tfc^ B 0 B ^ 

yvfbflii* (bp) ^as^b*6iS*Ji-ett, 

^SBPiMHttSa (»^3£*=4. 5 3 8A) 
MB 13 P 2 #ftf«giS (att» J F-S*=5. 231 
A) tt^SISdSffia-rS (±EOJ. Am. C 

hem. S o c . , _4JL ( 1 ) (1 9 6 4) #JS) o ffi 



iip- fk*Rrt?a (i) 

3i* H B a BP*ftft^^#s-r5®«-c(i, &t-<^s 

10 6 0 III 8lS{k«»^W»:<Sfi«r*tt, 

[0 0 12] IP*,, *5£WOjBg(cfliJt?*5SMds»«:i- 

[0013]$2 (OWJBfi. JifEcojg l GDElMt-tt^ U 
[0 0 14] Sg3{2. ^*atBS:ifl=^ UT«« 

*^«F<*(-«ixS*3t^^— K (LED) m<Dit&m 
30 *»flc*^S:»fiRt5t)Ot-fe5o 
[0 0 15] 

* (tcSHE-^-: S i) 3&^4 5fi*S^MSSKi:, 

J&£tlfz, yvfMM* (BaPj3 : 6 ^ a ^ 1 
3. j3 = l^fcfii3 = 2) 011^9 5. 0®ft%^± 

9 9 . smm%^mt y WM^mfi& (ia^ : 

BP) wW'&Sro'. 2li%^J:5. 01:4%*}*^:"^ 

[0016] JblH^lb-g-ife^flsS^tciftv^r 
50 Yt^«j*Wfr3lST-o«aS*ft-efoSo 
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[0 0 1 7 J 

i&m<Dni&<D»m wtL<omm^ (b> tv^m* 
(p) t^p)4 5yyffc«**i* (Baps) m&tc 

I*. MSUB^f-ft (=a) £r 6 <h L y VJP^Sfc (=/?)«: 
UtSBeP^ifeSo a=12, 0 = 2COB 12 

P 2 Wa=l3, £ = 2(DB 13 P 2 ^^^^^tl"CV> 

Tft*W#6 £ a ^ 1 3T*0 = 1 £fcfij3 = 2 CD y 
?3If}i^ffi{££r^9o B 6 P^B 13 P 2 <DV isiKfflM&A 
(WS*ttaffifr*5fi (rhombohedric) (D%£ 10 
SSSr^tTS (JbiEO J . Am. C e r . S o c . , 4_ 
7. (1 ) (1 9 6 4) #RS) 0 t^oT, ^j^B 13 P 2 

[0 0 1 8] *JSM-ett, Sii^^^5^ B B B ^ 
*SfefiS«±^, ^1WM^ B b b (BaPj3 : 6 
^a^l 3X^ = 1 0 = 2) "T SaffS 

&mi&irZ> 0 V WfcffllI*#S<**Sfi (BaP]3 : 6 ^ a 
^13, 0 = 1 £*:te/3 = 2) £±{£<t LT*lt/££tL£ 

Ii^i*fe 0 a (BaPj3 : 6^a^l3, j3 = l£fc 
H2) Sr^fti-rsaWStt, ±l^LtA^ B 0 a ^±^ 

[0019] l^u ass i *jess«-bf-Si?a-e, 

-CIS, Air A Lt/^iii, Xt^^SirA 30 

amorphous) t LtiS * tLS <D*W®L 

i w&£hmm±.\cmrtz>- t\z& 9, y^kas*^* 40 

*b * 5 111 ^ilMteco fc 5 Rf ^"T 5ri:m5 0 

[0020] ftihmz^ftk^zv^itmm^&nfrb 

5 0^^7 0 0^1^^ *SM£#3;H^CD 50 
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I*. 2 0 0^^5 5 0^0®!^^ fiSJKiaKttt 
7 0 Ot^^Wtn fc, *«figfei^i#HSf B S: 

*ftt?b»ty>-^- (nm) affiJEA±-efcs„ Mx. 

ji&5 a—«i 1 o Amst<om»<oj&mmmmx^ m 
[0021] ±ieo(asaafJiSr?KricLyj: 

(BaPj3:6^a^l3-C0 = 1 £fc{*0 = 2) 

frt-rsaw* a«s*y vfb«**«* 

#*fMSifttf>^*f* (fi*«dcit*) 

<7)9 5%^_bT*fc5^<h^r^9o ffi.U B 13 P 2 

soas^e>aafso±«:s:«fiKi-5^ t^tHitt^o 

b 13 p 2 /jrifo^fiSBSfltritlt^ii oo 0 /oit5 

^it*u s«±(-R(tsa«Ji<ojeaitdsj: ^se^t 

«Ji * l-fl^T* I* fe S /fls fcfr&ftiBi £r £ 5 a* S 

^ co ^ * 5 titit & *rr s a»s 5 ^ 

^< tt)0. lS*%W_tT\ 0. 2li%J^± 

<DMi&itmx\ a«»*fc&*iftwy >imxm*»& 

l 0%a±^Mft^M:r^^^S<h, ^coii^coill 

W\ mfiit^t-LTO. l%KJ:"C10%KT-efe!9, 
H(C»^L<tt0. 2fift%^Ji5fi*%*S»t?fcS 0 

*mi~ix«, lv> y >{bH*#«»o«fijcit*tt 9 

5Sft%^JiT*9 9. 8li%^iT*$)6 0 an^h^cOB 
aP/3^$^T*fL -IftW^XlftlHlSfffifeifSrfiJfflLr 

[0 0 2 2] AztfEfaO y 
XS^aSL-CftS«ffl«afiSrrtaEi-5«fiJi^baW 
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aEftiasflSi© y Wbw* (bp) 

tB (p h a s e) gfcVMS (d oma in) 

dSflFffii"So ^^a^^Pfe (stacking fau 
1 t) <0*^«tf9, Je**K>*i*jcS^<» J S=-Sl35SK 

[00 2 3] BUI BCU/PCU /H 2 
-f KVPEiSHi «9. Si^lSJ:(:9 3 0tt^ 

{FttSAfiftt. Wtcar^rft^y vikH**** (BP) a* 

sffii-3ffi«owfffiaifl«^-s»« (t em) »<z>«5e 20 

0T*&S o il(:/TtB 13 P 2 LTfcSJRWJB 
10 2X11 4*Ifc^*fiW^*(7)fi»^^t5ffl 
811 ltc£H^T, BPii^/^imW^^^ 
1109 £ B 13 P 2 1 

1 o t^K[cmm^cmm \^tcm^^<Dtmmx 

[0024] -»k y Wt:iai*»«SS^?>*S«WJB 
#Jx.tf, Hift^fliB* (Yb^5£ : BC 1 3 ) £B0* (B) 

asi u zffltyy (pcu) (p) «tt5 

/^Klhal ide) SfflfiR* (VPE) *fetcj; <9 
^Kffl*^ 0 «b^5£: BH 3 ) jSS^f*^ 

Wb*5t :B 2 H 6 ) £$8Ui (B) mt U 

Mfc^st: PH 3 ) /^^yy (p) ast-rs^r 

«&«ift#»Sfcffi/*fi8: (MOCVD© (U^lX 
d r i d e) ftCffifiRfijfe^J; t>f£JR-C#S 0 40 

[0025] ^mm^mm^^^x , y wbSH**** 

(BaPj3 : 6^a^l 3, 0 = 1 £fc*12) &± 

<< KvPESsm E.mtmm ibcui f^t^H 
jfiYty > (pc 1 3 ) (Dmsm&ttmzmi o o^t^ 

[0 0 2 6 ] £fr|W*&(D£D< , B P^SS/I^o^T^ 

— /RWftdcfi?aff*ift8 5 ot^h ooot so 
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&«x.5SHfiT?i>£ 0 LM, fillOOWf>12 0 
O'C^SSia-Ctt. B P*lgfiJi0)£(*a s A*fi0>B P^ 

«***tr y ^<bH***s*a»e>* 

ft80 Ot^M 10 5 OtitT'fcSo 
[0 0 2 7] $e>^ H /N*JIS:^flci:-r5y WkW** 

H j«*?aa<Z)|SiaS:J: f^PfiS-rs^S^feSo BC1 
3 ^»£i«^^t6^7^ KVPEStlt 0 
* UV^Riaftfi^/L, 8 5 0t-9 5 0t^g|T*fe 
£ D vM?7>- (B 2 H 6 ) htr^y^iy (PH 3 ) ^rJE^ 
SitSMOCVDftm #il>fe/£*iaKttft9 0 0 

< cifi«ofiaT*fiS:!»LfcB 1 3P 2 z^wt-tzmmm 

ti\ al^t b s bB PO^^4^^1.0%i:if^PL. U 
*StB^bfe5»a«ri 1 3^5. i^lStDB 1 3P 2 

a«^e>ft5Jii 1 oftizmtatLtzft&mm&ft-t&h 

[ 0 0 2 8] 

f B ^*»S£«±tc, y vYbW^^SftiBS (b 13 p 

*-|&*:£f£fc-t-5III R^fb*^*ft:JBfiiiSrft«'f-S 
»«flf5S«e^e>»*^-f^- K (LED) £ffl/£Lfc4§ 

[0 0 2 9] i 3 li^IWJCit) 5 L E D 1 O 
<Z5«dcSr^i-Wf®S|-C&So MS^^I^LEDl 0 
H {0 0 1 } -S i W B ?:S«1 0 1 £-T5SfJi*Pf 

2 OH nfl?S i Sfil 0 1 ©SffiJil^aLfeffiiag 
»*S:^tP«»S 102h f£Mr/l 10 2 ±{cSWi U 
fclll itW^il^b^SMaSl 0 6 

[oo3o] mm&m4 2 W mttsa«i 102^ 

HlGDill 0 2 a^t>*^2c0^1 0.2 b <£> 2 Jl^fiJUS 

jfi^?>«fiK$n-cv^5o s i i o i <D^ffitc^#-r 

5Sl<Oil02alt =mtmm (it^ :BC1 

3 ) /3fi{by V (fb¥* : P C 1 3 ) /** (H a ) 
KJ£3^7'T F (halyde) VPEffitCj: «9, 3 5 

ox:x&m^tzm£m2 »m<DV >-ikmmmmw (b 
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P) 7^b$lJ&£*LT^£o ilH 0 2 (D~m$LMX'-fo 

5gl©«10 2ali, yv<ki*^*R*±*tL 
TWfcScLTfoSo #*jr«^©*«*»r3:, SiSSl 

o i t(nm&^m^Tfiz^rz> y >fcmm&&»<omt&& 

ii^^fe 0 0 * (80 ^±4t^fc5 B m 2co^i 
0 2bfi, |5]«^7^ KVPE^ta^ PC1 3 / 
BC 1 3 (DmStt&me OKS^U 1 0 3 0W$1 
«|102a Ji^filcKLfcjeSJiTfcSo ^H0 2b 
(3, ^ Mfc^S : S i 2 He ) LTSi^ 10 

K— tfV^UfcnJgS (^r-^y T»ffi=2. 3 X 1 0 18 
cm' 3 ) T\ iff^40/imtfc^o ii£^X$|[H]#r 
mcfcoX, S2©il0 2blJA*fiB,3P 2 

*>§r i:d s IESixTV^-5 0 f&2<Dmi 0 2 b<D*:<Df&<D 

Wft f 1 2 mft% x o 0 

[00 3 1] ^2 <£>J1 102b <7)^StC^^ UtzM tt, 

fiffSi 0 2os*^i:<A7>{ KvPESr«t 

fcS i K— ^njgy^*-*a^y (GaN)il 20 

0 3t$)5 o nJgGaNi (*^y7»S=l. 1X1 
0 18 cm- 3 ) 10 3ll:fi, nf©^loaft^y!> 
A • Vv'^Ailfi (G a o. 90 I n 0 . 10N) |104^ 
±Ha*iX-Ct^S 0 nMG a o. 90 I n Q . ioN| 1 0 4_ttC 
fi, ^Jf^is&J* (Mg) K— ^C0p^(OA*B H B ^bT 

A - #y ^Sii (A 1 yGa^yN) « 1 0 
SibmmZtlX^Zo Rp^A 1 y G a x _y Nil 

10 5 P>WT/l^ ^ ^&U£it (=y) tt, G a o. 90 I 
no. 10 N)S 10 4 ir60#ffi^b*E*C|Rj^oTKS<Z5a 
S*|pJ*-, y^0. 20^b0 ■(*) (CiJiWKllll&fiiRW 30 
{^«^i-S<t 5(-^)BES:ffUTV^5 0 LED10« 
S|5 10 6tt:, If *»3 m tS±E©n?gG a N§ 
10 3ffl^77Kiil, IKlJO. 08/imi 
-r^_bfE<^G a G . 90 I n 0 . lo NJi 10 4 ^r^ii U 

ttLtz±m<npMA lyGa^-yNHO 5 *±M$ 7 

[0032] LED10 CD^SS 10 6 £r«fi£-r£_LlE 

<^#/i 103, 104. 105 f^. mmm 102 

-t%>% 1 1 0 2 a £ It, S i 3 5 0 40 

x:xm&Wffim&$kmL,x\,^fzMc^ i^n^mstiSEK 

S2C0fl02b^, B 13 P 2 ^i^ttSA^ B a 0 

1 0 4, 1 0 5fiA^^r±*i: 1X45^^1" 
^WtftoT^Sc *H 0 3, 1 0 4, 105 

[0033] LED10 S i 3M£A££ 1 0 

KDKBKnJgtf-— S ytnMl 0 8 £fc_L&5* 7 50 
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KST-fcSA 1 iBfiRSr^lESiirfeA 1 y G a x -y N/1 

1 0 5(D^ffi(^p^7j--^ y>?mM \ 0 7£, #*gfiM 
LTflWtLTl^o 3K;fra>;*-— S 0 7,10 
8I4HCA 1 j&><o«j£LT^3 0 

[0 0 34] 0 1 0 8P B 1^I^f6]lC2 0^ 

rv^r (mA) ofbf^m^^ii«Ebr, ledio^ 

363t*-frfeo LED1 0?5^tt, 1*^^81^4 5 
5nmiU *H6«*r*J 1 2 nmtn^ h/^*^T 

K£*L 3 £j23-^^u!7;yh U W) <D 

[0035] mmm 2 ) ^sstsfci-m, 1 kie 

Ji«fft«:^^LEDSr«fi8:i-5#'&Sr«»J(-L-C. #3591 

[0 0 3 6] *gU60»j2^«^SLED3 0^:114^ 
i~ 0 *nmW 2 Xi^ {001} -Si Ifi^tfl&K 1 0 
l±tC, i/tfyls Wfc^*: B 2 H 6 ) /**:7^:/ 

(PH 3 ) /** (H 3 ) ^MOCVDftta <9 4 0 0 

({SiSJHWJi) 10 2a £i£» L/c 0 Il<^I102a 
<7>Sfffi*S 1 5 nmt L7c 0 ^ 1 <Of§ 102a Jit-fl, 

(gsttflift) <ob 13 p 2 

Sr. »»Ji 10 2 ^rMt6^ 2 Ojf 1 0 2 

b £ LT 9 3 Ott^BLt «<OPH 3 /B 2 H 
e ( = V/III Jfc) fi, #*J1 2 0 [CtAEtt^ 

mLtLo M5iifcS2 0)i 10 2b SrM«B 13 P 

2 ^OSSffi. iMOBPT'fo^o $2©il02 
bw4MBP^tlH:> X«(Hl»r^*fft^tttL«4 
fift%t?fof9, A*SB 13 P 2 <^W*f*9 6fi*%-e 
&o*: 0 

[0 0 3 7] mJW-&$)8 /im<i:t5$2©i l02bW 
rtSPW^^WBTEMfer^ftLfc^t-tKixf^ S2 
(DM l 0 2 bCDI^dJ*, iC^Stit^fitB^^-f 

A4i 1 7^*Sffi t o^o«ffl«3as«5i(7>f*3«B-Ctt, 
[ 0 0 3 8] ±iS<OiD<«fi4cR&SriRiRU. -h^cD^ 

u<D^mm i tciEtt^»««is*t iBifiiosfft y 

Ti(ISS:^:tb-ett^r1-6 S i K— ^n»G aNilO 
3 , Gao.gol no. ioNf 104 Xt^A 1 jfififcfcfcK^Jfii 
*#UfcA 1 y G a i_ y 1 0 5 Srfllfi * L 

S i K-^n36Ga NflO 3 4:T»^7y KJit 



• 
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U G a o. 90 I no. 10 Ni 10 4 *5£$tM t U Aly 
G a i-y Nf 1 0 5 ({& L^JS^J 1 l^«fC, A 1 
iti-y = 0. 2 0->0 4:l^3 4gE*#L"C^S) £r-h3$ 
?yy KJBti-S«3fe»l 0 6^If«LEDffl^ 
«««ififlc4 0Sr«RKUfc o «««ag#4 OKI*, 21*6 
W 1 t H«IC pMt/ni^*-? y ^ift 1 0 7 , 10 
8 ZWttttLo 

[0 0 3 9] rooj; pHLTffilfcLED 3 Oj&>*> 

Sr4 5 5 nmt-*-5#fe*dS3g^:bttfco #2Si£0*J 2 "C 10 
f£» LtLED30 tt, mr^CDH^J 1 CO L E D 1 0 t 

0 nm^H^Jl(DLEDtCitgELjE^^< iotV^ 

SEfift 2 6^ w-efe I? , ^Jfe^J 1 CD L E D <fc 19 JEMS* 

Sfcfc, lllfifi?IJl-Cf^«!LfcLEDlCJtRLXl«fi^J2 
-CIS, J;<9^fetttC«tLSK3*ft«)#feLED^fc3tb 20 

[0 0 4 0] 

{fr&**8|tfleiJf T-a* h & $ *L So 
[0041] L^t*^^ r-f r tfi 30 

S«t LT^Jffl-e^S^^t-i:^, Wtfcf, LED^L 

[0 0 4 2] *3t, Wtc*:i^ffl#<Z)!t*3S2(cflatt^ 
[[Hi] 
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[19 2] ^* B p a ^«^A^ B l^B%^rt(c^X#ffi-r 
[El 3] lll6Wl^«^5aB«iS#SaLEDOfl|* 
[19 4] l!3fi«2^«^5*S*at»^LEDO«A!c 

[Wf©a«] 

1 0 $gft*^ (LED) 

2 0 mmmm» 

3 0 SSftSH'- (LED) 

4 0 ffiJBfll 

101 si &m&mm 

102 y z/itmm (bp) ^asrs 

10 2a ^ 1 (DM 
10 2b %2 (DM 

10 3 TUfyy K|«t6AMniGaNi 
10 4 

10 5 AlU? 7 y KJiSr1l!fiJci-5A*apJKA 1 G a 
Nig 

106 Strain mmtm^mfcugnmfrhtehmjt 

10 7 pffij-— $ y?mU 

10 8 n?g^-— ^ y?mM 

109 S^Stl^feftSJi 

110 ^Jitl^bfcSJB 
ill 

112 4*f B ^?>45iBfBft 
[B2] 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To obtain a compound semiconductor 
element such as an 

LED which is superior in characteristics such as light 
emitting intensity, by 

constituting a laminated structure constituted of a group 
III nitride 

semiconductor crystal layer in which crystal system is 
regulated in hexagonal 

system on a cubic system substrate, such as Si single 
crystal . 

SOLUTION: This compound semiconductor element is 
constituted of a laminated 

structuring member 20, in which a low temperature buffer 
layer 102 composed of 
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boron phosphide based material whose subject is 
noncrystalline, a buffer layer 

composed of boron phosphide based crystal for which the 
ratio of boron 
phosphide polymer (B 
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(54) vmozm tt.Gtiivmmmzxf'towtijm 



(57) imi 

«fl«i£ft u m&jmcDmtiz&tit: led 

4yWOBBR*m*»^> i Sr4fifl»«JBt. UVflfl* 10: 

^M* (BaP/8 : 6^«S 1 3. £ = 1 27tti/3 = 
2 ) (Dffl&Z 9 5 . 0Sfi%JilL9 9 . 8aM%*}Sfc 
U U yftHBMUWc (fflfc*: BP) tffctefcO. 2 
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[tftfiftfcOKI!] 

imm i ] %m (TE^ie-^ : s i > 

P/3 : 6SaSl 3. /?= 1 ttzltfi = 2 ) eofJ-^S: 9 
5. 0fi*%ULL9 9. 8M%*Sfi:U 'Jf-fWH* 
#1* («U&A : B P ) 0 . 2 ftft%Jil± 5 . 

iirie*Sssaa«Lh^iifriec7)ffiaM«®fi.^ifS«i * l 
[ B&H 2 ] fluf SfgWf Ji s &fir A£ Affl t Adr**s 
[fft&3S3 3 ffl£ll£&HffJ|& 2 0 0X&Lh5 5 0°C 
[0001] 

mw(om&ffl&m i *skhhl £#n«>a* ( s 

i > #ISIHsRJiKA*fit iftff* IN «afls»¥ 

ffi** m trim Ltzmmmmm^mmixfzit-^m 
fcfiflw-s fcw-cfti." 

[00 02] 

[ft#<3ft«] (7cste^ : n ) zmmmt ix 

ffljt^fBEJI-^-V*^ (channel) JP?£-£tf 

3 (#l-il£. Mat. Res. Soc. Symp. Pr 
oc. , Vol. 468(1977), 481-4 86 
MKH) . refill Bawl:****!*, A 1 «Ga^ 
Ini-or- /9Ni-rMr(0Sa, /3g 1, 0Sa+y9 

1 ) 

[00 03] imiZh^X. ±120111 KSfcA¥*ft 

£>, v^bei (hexagonal ) J&WJtAT (A 
1 2O3 #*§,&) **ftg* ( S i C ) «t£Aft>6%& 

mX'hr>tz mUZ. Jpn. J. AppI. Phy 
s. , Vol. 34, Pt. 2, No. 10(199 
5 ) . L 1 3 3 2~L 1 3 3 51M8) . 4fcKfiT 

ti, ft^AtfflS* (Si) #|gflS:a«t l/CfflUfcll 
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WSSthWfihh (App 1 . Phys. Lett. , 
7 2 (4) ( 1998) . 4 15—4 1 . £ 

flfi, S i*S B B B Oj:d^'f-V : &>-K (d i amon 
d ) m. ^V>(±raaiE& (zinc-blend)KO 

±ir¥ B m^mt-frn£, (a) [omis&STftj 
^mmnmtxmmm? (t77> legates a, 

(b) iNI*U-^-3|f?t*->T«. 8M£J:91fflE 

^T'S S*>£>T-J>I> (Electron. Lett. , 
33(23) (1997), 1 9 8 6~-19 87W# 

m) . 

[00 04] u&'bfcjites 8* <s i ) fcflUtf'M' 

7f (wurtzite) SO/WASfctf U^A (it 
fS:GaN) t £0*S^ ^CCOHM ( 5 7 ?• (mi 
smatch)«)ttftl7X^*SC»t« <±£ 
tfOApp 1 . Phys. Lett. , 72(1998) 
20 #SS) . £C5!fctf). S iJ(*Sft*«U:{CGaNSU)K>k 

-rim KfiflSft^fl^feSriaHttwftittfli 
[ 0 0 0 5 ] . si jmsASfi±(c y wt» 

(*&jfc£: BP) *>6&&Jfflfl£R(t. HIMMLtfc: 

1 1 1 mmfc^mmmzimtitmtfmT* atix 

W> (#WT2-2 7 5 68 2#&$S#fK) . U>L, 
S ittA (ft^jeft (a) =5. 43 1 A) t B Pi£& 
(a = 4. 5 38A) i:<7)t&TSAV-yf-JK^^16. 
5%KjS1-S (J. CrystalGrowth, 13 
30 /14 (1 972) , 3 4 6~3 4 9H#S3) . ®.~>X 

m%BPmtfffi&ztiz><?)tfMMX'h-?tz mm a 

«. ^rH» rH^tgfijgfi^Bj . Vol. 2 

4 (No. 2) (1997), 1 5 0H#B§) . "f^rto 

i> i Fffl^t-r-i.^»(cffi{4t^ffl-rsjsatttoib i> b p 
ami i , s i »ts±t$s lt^i-& £ t sr 

40 [0006] £fc>jyMI#:ltt (BP) (i, 4*^ 

i^j (1994^5^208^, m)im&% 

1 1 («fflPF2-28837 l^aim 

ffl^2 - 2 8 8 3 8 8^#&$#!S0 . 
[0007] LA>L. jS*OBm«(cttil« { J . A 
m. Cer. Soc. , 47 (No. 1) (196 
50 4 ) s 44~46W#B5) s 1 0 0 OXJSttiiaWC 
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(3) 
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(i. B Pfi&OflSSKfc* ( 1 ) t«V\ WRK^ 

( B ) k U yJE^F ( P ) ( B : P ) £ 1 3 : * 

52BP -» 4BnP2 + 

4ft. M0CVDfifflJCJ:6«H*Wtt*ltf. tf&fi 
££1 1 0 0*C~1 2 5 0 < CfrSii:{w<tOBi3P2 

fr^h&mmhtih i mmtix^h u. cr 

ystal Growth, 24/25 (1 974) > 
1 93-1 9 6X9SB) . «3Ml^ (B) k'jyjf^ 
(P) ktf>«Jj£tt (B : P) £6 : UKWil 3 : 2k 
-tl 'J WMI***tMi, g®#185§ (rhomboh 
e d r i c ) OAvtfA^SAT&S ( J . Am. C e 
r. Soc. ,47 (1) (1964). 4 4-4 6H 
#BB) . *"WH»f«. UVftWa^iiMiAky Vfl; 

«*m»M5A£flH*T. y >fcwm ( bp ) %tsAh 

[0008] 

imm^kliio fc-tiKH] ii&oidi;:. sia 
fiLLtelll J^ft¥*raA«*mfflMflratt£ 

»jat*«^t=s Haw* ( b ) t u yji^ ( p ) h<r> 
m&M* i*t 1 fci-*wffi«a«sflffl«)4**^ y > 

fflHR (BP) JLfttttSAJItf. SJI«3ite«j£l?)T 

[0009] mmffimifccoffi&m£Tmm±.izx.v?x 

i^/l^RS-fr-St^T. JS£JBttTififla£A$£ 
gft^V vp£#*-4 fflfll * . ft "C . BP JjiSttA 1 
<a«KSft6i36rft<0«|fJB±tl4. £*A (cubi 
c)t8(phas eMdoma i n ) £±ftk-f& 

JrfwBAWi. ±fc^A5R0«A*fe«*3*i.4W* 
**>H-Ctts S i #«A*Rl: A >/drA$ 

±# i 1 1 1 mmm*mm&mzm?& zti 

*HLT^*WflUi, ^AttAfcittfcLTfcSISA 

[0 0 1 0 3 L^Lft*^ . ^A^»-eAffl*»A.» 
*y K«Btfi*«U5rAras i #SSJMa»g5g««fc 

LTSwt«^, askTWcoA^ffiifca'?. s 
y yitmm (bp) %&&frt,%mffim?ii. mmz 

*B£$!B PJWft£A (IffF JgjR= 4 . 5 3 8a) k7\ 
*ABis P2 £ftttt£A ( afflffFiaN 5.231 

A) ttii. (±s<oj. Am. c 

hem. Soc. , 47 (1) (1964) #5®) . ft 
oT. A^ABisPz *±*k UT*«ISAl»rt»fc* 



* 2 1 « y y-fEW^-ft* ( Bi 3 p 2 ) {cscsi-rsflj* 1 

1 1 Pi fl^EB:* ( 1 ) 

*i*ABP#*raftjWS**4fiW?rJi. f&^o^B 

rt*^*iSAWc*->Ttt, A»«>ttiifca-*<»?- 

1. ISA»»^»»<oj^K:H9lltflitttt»fl:L-CL 
id. 4ft. ^^tt^ffi^A^HHiAOil^teH 
IT. LWtfi. JJI<flttAtt*#fl:3-e-&HBfc«r 
10 *. Witf. Ill BMbHrt^MMAlTli. Z<m?t- 

*siHi£fiftfttf. *<omui. r-f-v* ananas 

O&^fftS iS«J:^)AvfrA*±*i;-r6ni i£M{k 
8#3WW&AI1«)«JI*. a#fcffi#4TiMk LTW 

[0013] SS2^ilH(i. ±f£<ol& l *>HHfcti#L 
[00 14] 4ft. S&3te. /tfrAfflfrittkLTJS® 

*0»ttte«l4»3K^ ^f— H ( LED ) **>flte» 
30 #mt*Slff*flMM-fcfcWCJi*. 
[0015] 

* (?c«ie^: s i ) *^=5ri,s:^A^**g ( B s a«k. 

SyftlSAa«Lhlc»KSixfc^PA«fr±*i:-f « U ^-fc 

3. /3=l$ft{i/3=2) «W££9 5. 0Sfi%jyJi 
9 9. 8fia%*}lkL. 'J>ft«3B*JI# 

BP)«H#to. 2mm%&±5. om&%mki- 

tt&*±#k t-CSr & 1 1 1 fta^RMNMctfiAff k * 

[001614ft. iE^ft^fc^aWftJlfFCRv^T 
il. BMffifl;& i . 4*AtSA«k^arAISA«kS«X 
SfcflW LT55r4»i«3i*rt«^-4ISA)B*»fefllJS5 

fiTw4;k*»ff4U\ 4ft*^<i. frieffiasg* 

fl£ 2 0 0"CJiLh5 5 0'CVXT<Dl§J§X'^-th±M<r> 
50 {t-a^^frS^Kit^t'J)?.. 



06/11/2003, EAST Version: 1.04.0000 



5 

[00 171 

i%W(vmm<mm] m.<nmmw^ ( b) t u vni 1 
( p ) t^h^i v ywm$>RW {BaP 0) m&ic 

fflflMFFft ( = « ) * 6 fc L'J yjgfflfc ( = /?)£ 
1 fc-t4BePtf&4. a=12. /3 = 2cOBi2 

P2 &tf«=13. /3 = 2<ABi3Pifti**931&*lTVi 
4. #HHIH*T'li WM^SttMi. B«P/3fc&o 
Tft^6Sa^ i 3T/S = l £ftJ4/9 = 2<7)y Wl; 
!§g£fifc£S3, Bs P^BisPs tfi'jyflaHE^ft 
*eft«^B*lJi (rhombohedric)(7)M 
iFaS£#t4 (±IB<0J. Am. Cer. Soc. , 4 
7 (1 ) (1964) . ft-j-C. W*li*Bi 8 Pi 
(4, ^ft3R»A*±*fc-t*»M*flWW-*Wtff 

[00183 *»grro. s i msA.a»fc$443rA*> 

S«£13T)3-l4fcttj8-2) tiWtfc-fillifl 

£flfl£-r4 . U >«S#*^SS B B a (B«P^:6Sa 
g 1 3 , fi = It = 2 ) £±fti: 

fflJ&ftfttNfc ( BaP£ : 6g«gl3, j8=l*fc 
(42) fcttti^SWitt, JJBi: LTAvfrft*±* 

**i-4. 

[0019] LH. USSi WMUBRLIfftSfr-C* 

*«o«Sft*«atf 4<?)» t & o , a«tt<oa i. mm 

^ii&v wotfilW?* 4 . * .1 T*SKH 
T<4. A*A.*±ttfcbT*4*»f, RVttjAb* 
*Afc#fflttLT*4M«**»4*&fc#SILT, 4 
#.ff.OS i^i^ 1 F B £±#kt4$ffiJIfcW B 'Jfc 
JE Clfc«Wfitt'Pj«« LfcffiiMMI «£i¥A UsHMfc* 

jft§ix4#, fSA£fD4>6flT*MHt (T=£;k7rX : 
amorphous) l/C«l«Sil4<0fc1WS 

i «sfiaRJita»« - i t i o . y yftass&A 

6*4«S»£*Ktt«* 4RK-T4 £ k iW* 4 . 

TflWW-fLtf. 4#JbS i«fiRt±ISC0A^B B BSr±frt 
LT^SJfflWHfc <0^S^&«^4fMj*%f»Sft 

4. 

[0020] 4mm±Wt -t* y wrai*»WBrt»6 
£4ffi£UfWI(i« ttfci^4IWOT<Gjfi*fc:jl!v*4tf> 

5 0 0Xtf>«H?&4. ttfcff* 
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14. 2 0 0 , C*^5 5 0 , COfEBT-;f)4. JSfiKUK^iKl 
7 0 0*C£j6S;c.4i«ili:-r4£:. IMSftftviMWISfl* 
±ftfc-f4&.f B Jfi : $: , )^<3: l 5. ^^-C*4. 2 
at. 1 5 OX^T«ffifflTJ4jjaHefb6Cp3cS-Cs 

it, mssmmtLxim&mmt* mti<it 
mm-m-}-;*-?- ( nm) H&tt-tx-hh. mi 

10 fc«&l,fc4»***Lfcv*. 

[0021 ] #«grrtt. ±ieoflSaK»«£#J£Ufc 

£#a*>s iJWAstihfc. y y-tknx^smiA 

(BaP/9 : 6Sa S 1 3T'/3 = 1 2£t4/3 =2 ) £± 

8A*±tt b ixmmh b (4, Sff W4> O U 

(ttfMttt*) #'>&<it>£# 
<09 5XJ2LL"C*4£4:S:g'3. fflU. BisPz &£co 
7^T^te B B B ffiJa!cit:^410 0%i:l4L=5rV\ SP^ N 7^" 

20 B13 P2 & if <0^AIS JMftWfcWi 1 0 0 % t -t l 
b . Mffilk^^s i J«Sfi«Ki:<oft^^6tt 

f&^WS * iytW 4 Wit 5r * f 4 a®* £ flKfcf 4 

^<fcto. ltixatt o. 2mm%&± 

1 0XJa±«M««itr***4 1 , -e^JJI^l 1 1 

&±*k L-cflus-t 4 tea. v >ttmmmm&ik 
«4 , mmtmiz ix o . 1 %iy±t- 1 o %iaT?a o > 

H tiff* L < (4 0 . 2 Sft%13Lh 5 fi«»*«Tft 4 . 

8tt-r*ui\ if a y y-fbw^$a«cwit«Jt${4 9 

40 5 ftUSfcltC 9 9 . 8*ft%*?f Vh 4 . A* A« B 

5R»4 d i 4 . * fc-tiifc X 0 . 4* A© y 

y y«S^M*t ^fll)SJt$ Wai4£ k 

j6*-C*4. 

[0022] AJSrAO'J yftflHS*SftSr±«sk-t4*S 

AB<ortSfc. 4^ioyy«s#***Sfl* ? #itt 

4^, }K*r B lOtS J j i 0^tH4S* ? JHS^±Ji^ 
fcfiKU JJi<0BAttt*fl:S*4. d^l:WiJ:-r4 
fc«>t, SWAISJMBt/\»iMSJMak*« 
50 S5t1MIL , r'flr4«JIM»ftferttEt4tSA«3&>4>IWI 
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wmm&wnv yiam < b p ) JWtt8A*>&4:6 

ffi (phase) S&U4 h'^ 4 > { d o m a i n ) X'h 

4. ****** 'J WL«#mMt B B B *>£>$:l> 
tWE+i. ZWnmXM (stacking fau 

1 1 ) nmizx ttfl»<?)ffiat*^<WFffi* t « 

fill*,. i^rJWSJMBfc^-iWSftWi:*^ 

[00 23] 01(4. BC Is /PC la /H 2 
-f F V P Effiti 0. S i #^ B B B a«±{c9 3 OXJTJS 
IlLfc. *2f B B B <9Bi 3 P2 LT$:&«trltf>l*i 

y y\mm^m < b p ) # 
mjt-t&mmmm'mmTmmm (temj 

01 t*tBisPi £±f*fc LT£I>1I»I 
1 0 2T14. jarffifc^ftO^cOftSRA^fiPf *fB 
$1 1 lfc^wt. BPA>/f>^S4*ffiBft«*^^:S 
Sl0 9tBi 3 P2 j^fcfcAJfllSIHBfrfcSrSJil 

[0024] HRfcy ^kffiR^tSAA k ^^£ffiffJB 

Wii*. ESUOm : BC 1 3 ) ( B ) 

Mth. EMik'Jy ( PC 1 3 ) Sr'Jy (P) mt-ti 
F (hal ide)»* (VPE)ffifcJ:9 

j£i$£fj#s. ut¥& : BH 3 ) av^tts; 

#7^ (ft**: B 2 Hs ) (B) UkU 

<fls*«: ph 3 ) Srfc'fc'jy (P) »tt** 
tK&MR#l!fMMft& (M0CVD&) tAOKKT 

>^<oyy<3#*^*,IHiBfct*>vf F?-f H <h y 
dride) X *)mX'$ £> . 

[0025] #»«*>saMc*ivvc . y yimmnk 

!SA(BaP/9:6£a£13, /3 = 1 *fcU2) fc± 

iHSfcritt&yvoflBMMEifc* 

-f F V P EftTtt, EMMX (BC 1 3 ) izmhE. 
ttflS'J y ( PC 1 3 ) 4>{£&ilJgi«$:ift 1 0 OUkTk. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention is in which makes hexagonal a subject 
on cubic (Silicon Si) single crystal substrate. The compound semiconductor element which consisted of 
laminated-structure objects which produced the group nitride semiconducting-crystal layer especially 
about the technology for carrying out a laminating using the technology is offered. 
[0002] 

Pescription of the Prior Art] III which contains nitrogen (symbol of element : N) as a composition 
element The group nitride semiconducting-crystal layer is used as a crystal layer for constituting the 
laminated-structure object containing luminous layers, channel (channel) layers, etc. of a compound- 
semiconductor-element use, such as a short wavelength visible photoluminescence device or a RF 
electron device, (for example, refer to Mat.Res.Soc.Symp.Proc, Vol.468 (1977), and 481-486 pages). It 
is III here. A group nitride semiconductor is aluminumalphaGabetalnl -alpha. - It can express with 
betaNl-gammaMgamma (0<=alpha, beta<=l, 0 <== alpha+beta <=1, and Sign M express the Vth group 
elements other than nitrogen, and are 0<=gamma<l). 

[0003] It is in the former and is above III. The laminated-structure object of the compound- 
semiconductor-element use which consists of a group nitride semiconductor Chiefly on the substrate 
which consists of sapphire (aluminum203 single crystal) and the silicon-carbide (SiC) single crystal of a 
hexagonal (hexagonal) system Multistory [ of the laminating composition layer ] is carried out one by 
one, and conventionality constituted it (for example, refer to JpnJ.Appl.Phys., Vol.34, Pt.2, No. 10 
(1995), and L1332 - L 1335 pages). Moreover, III using the silicon (Si) single crystal of a cubic 
[ recently ] as a substrate There is an example which constitutes a short wavelength photoluminescence 
element from a laminated-structure object of a group nitride semiconductor (refer to Appl.Phys.Lett., 72 
(4) and (1998), and 415 - 417 pages). If this is in (b) semiconductor laser element which can judge the 
cubic crystal of a diamond (diamond) type like Si single crystal, or a sphalerite (zinc-blend) type for an 
individual element (chip) using the cleavage to a substrate, then (a [011]) crystal orientation, it depends 
on that there is an advantage of being able to form an optical resonance side simple by the cleavage. In 
addition, it is because it can form with convenience of an ohmic electrode sufficient to a substrate if a 
substrate is constituted from a conductive cubic crystal material like Si single crystal (refer to 
Electron.Lett, 33 (23) and (1997), and 1986 - 1987 pages). 

[0004] However, the difference (the degree of mismatch (mismatch)) in the lattice constant of silicon 
(Si) and a wurtzite (wurtzite) type hexagonal gallium nitride (chemical formula : GaN) reaches about 
17% of size (above-mentioned Appl.Phys.Lett., 72 (1998) references). For this reason, in which makes 
GaN the start on Si single crystal substrate It is difficult to carry out the direct laminating of the crystal 
layer with the continuity it is discontinuous from a group nitride semiconductor. 
[0005] Then, the buffer coat which consists of Lynn-ized boron (empirical formula : BP) is prepared on 
Si single crystal substrate, and it is IE on this buffer coat. The technology which forms a group nitride 
semiconducting-crystal layer is indicated (refer to JP,2-275682,A). However, the degree of lattice 
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mismatch of Si crystal ((lattice constant a) =5.43 1 A) and BP crystal (a= 4.538A) also reaches to about 
16.5% (J. refer to CrystalGrowth, 13/14 (1972), and 346-349 pages). Therefore, it was usually that 
discontinuous BP film with which BP film with the continuity which usually makes a front face flat also 
in this case could not be formed but with which square drill-like BP growth islands were scattered is 
concluded (refer to Shibusawa Naoya and Terashima 1 quantity and "Japanese crystal -growth society 
magazine" Vol. 24 (No.2) (1997) or 150 pages). Namely, III which is the upper layer On Si substrate, 
BP buffer coat which has the continuity which acts on dominance in order to use a group nitride 
semiconducting-crystal layer as a continuous flat film was able to be stabilized, and was not able to be 
formed. 

[0006] Moreover, the Lynn-ized boron monomer (BP) is classified as a cubic sphalerite crystal type III- 
V group compound semiconductor (refer to the Akasaki ******, a "IEI-V group compound 
semiconductor" (May 20, 1994 first edition, Baifukan Co., Ltd. Issue), and 148 pages). The temperature 
used for membrane formation of the sphalerite type Lynn-ized boron monomer cubic layer is 850 
degrees C to 1 150 degrees C (refer to JP,2-288371,A and JP,2-288388,A each official report). 
[0007] however, if it depends on the past example of research (J. refer to Am.Cer.Soc., 47 (No. 1) 
(1964), and 44-46 pages), at the elevated temperature exceeding 1000 degrees C It is clear BP's to 
metamorphose into the Lynn-ized boron polymer (B13P2) which sets percentage (B :P) of a boron atom 
(B) and the Lynn atom (P) to 13 :2 according to the following reaction formula (1). 
52BP(s) -> 4B 1 3P2 + 1 1P4 Reaction formula (1) 

moreover, the thing for which membrane formation temperature will be made into 1 100 degrees C - 
1250 degrees C if membrane formation by MOCVD technology is made into an example -- B13P2 from 
-- it is reported that the becoming crystal layer is obtained (J. refer to Crystal Growth, 24/25 (1974), and 
193-196 pages) The Lynn-ized boron polymer which sets percentage (B :P) of a boron atom (B) and the 
Lynn atom (P) to 6: 1 or 13:2 is the hexagonal system crystal of rhombohedron structure (rhombohedric) 
(J. refer to Am.Cer.Soc, 47 (1) and (1964), and 44 - 46 pages). On these specifications, the Lynn-ized 
boron polymer crystal and the Lynn-ized boron monomer crystal are combined, and it is called a Lynn- 
ized boron (BP) system crystal. 
[0008] 

[Problem(s) to be Solved by the Invention] As mentioned above, it is III on Si substrate. When the 
laminating of the group nitride semiconducting-crystal layer is carried out and it constitutes a laminated- 
structure object, there is the conventional example by which the cubic sphalerite crystal type Lynn-ized 
boron (BP) monomer crystal layer which sets percentage of a boron atom (B) and the Lynn atom (P) to 1 
to 1 is arranged as the ground layer of a laminated-structure object composition layer and the so-called 
buffer coat. 

[0009] It is made to be in the composition layer of a laminated-structure object growing epitaxially on a 
ground layer, and inherits the crystal system of a ground layer and a growth phase tends to grow. 
Therefore, on the cubic buffer coat which consists of BP monomers, the inclination for the crystal layer 
which makes a subject a cubic (cubic) phase (phase or domain) to be grown is. On the other hand, the 
probability that the crystal layer on a hexagonal ground layer mainly consists of crystals of hexagonal 
system becomes high. Ill which makes hexagonal a subject to up to Si single crystal substrate in this 
invention A ground layer needs to consist of crystal layers equipped with the requirements which bring 
about the crystal layer which becomes considering a hexagonal crystal as a subject on the relation which 
has the intention of forming a group nitride semiconducting-crystal layer. 

[0010] However, when the ground layer which consists of hexagonal single crystal phases is prepared in 
cubic diamond-structure type Si single crystal substrate used as a substrate by this invention as a direct 
buffer coat, there is a problem which distortion of the grid which is based on the difference of the crystal 
system of a substrate and a ground layer, and is based on a mismatch near the junction interface of Si 
substrate and a hexagonal ground layer etc. generates so much. For this reason, the buffer-coat [ itself] 
growth can be been hard to carry out, and if spread, the problem whose continuity is and which also 
spoils the continuity of the deposit on a buffer coat arises. 

[001 1] Moreover, in the buffer coat which consists of a hexagonal Lynn-ized boron (BP) system crystal 
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which formed membranes on the cubic substrate, the hexagonal phase and the cubic phase are 
intermingled in fact. Here, it is a sphalerite type BP monomer crystal (lattice constant =4.538A) and 
hexagonal B13P2. As a polymer crystal (a-axis lattice constant =5.231 A), a lattice constant is different 
(refer to above-mentioned J.Am.Chem.Soc. and 47 (1) (1964)). Therefore, hexagonal B13P2 Distortion 
based irregularly [ a grid ] occurs in the field in which a cubic BP monomer crystal exists in the interior 
of the crystal layer which becomes as a subject. If it is in the crystal layer which is inherent in the crystal 
phase which is different in such a crystal system, it will be based on generating of the lattice strain and 
crystal defect based on the difference of a crystal system, a grain boundary, etc., and crystallinity will 
get worse. Moreover, the lattice strain and crystal defect are spread more to the upper layer, and if 
spread, they become the cause of degrading the upper crystallinity. For example, HI The problem of the 
electron mobility falling is produced in a group nitride semiconducting-crystal layer. 
[0012] That is, it is in which will make a subject hexagonal [ to the 1st diamond-structure type cubic Si 
substrate top ] if the technical problem which should follow the meaning of this invention and this 
invention should solve is summarized. It is in clarifying composition of the buffer coat as a ground layer 
to which the laminating of a group nitride semiconducting-crystal layer can fully be urged. 
[0013] The 2nd technical problem is in which attaches to the 1st above-mentioned technical problem, 
and has a continuity. It is in clarifying the supplementary requirements for constituting the buffer coat as 
a ground layer required giving a group nitride semiconducting-crystal layer which has a continuity. 
[0014] Moreover, the 3rd is to constitute a buffer coat by making a hexagonal phase into a subject, can 
absorb the lattice strain by mixture with the hexagonal phase and cubic phase which are different in a 
crystal system etc., and is to clarify composition which can avoid crystalline degradation of a buffer 
coat, HI of hexagonal system by which crystalline degradation which conquers these technical problems 
and originates in the difference of a crystal system with a substrate on a cubic substrate in this invention 
was avoided The laminated-structure object which consists of a group nitride semiconducting-crystal 
layer is constituted, and compound semiconductor element, such as light emitting diode (Light Emitting 
Diode) which is excellent in properties, such as for example, luminescence intensity, consists of this 
laminated-structure object. 
[0015] 

[Means for Solving the Problem] Namely, the cubic single crystal substrate which this invention 
becomes from silicon (symbol of element : Si), The low-temperature buffer coat which consists of Lynn- 
ized boron system material which makes a subject the amorphous substance formed on this single 
crystal substrate, The rate of the Lynn-ized boron polymer (BalphaPbeta:6 <=alpha<=13, beta= 1, or 
beta= 2) formed on this low-temperature buffer coat is made into less than 99.8 % of the weight 95.0% 
of the weight or more. The buffer coat which consists of a Lynn-ized boron system crystal which makes 
the rate of the Lynn-ized boron monomer (empirical formula : BP) less than 5.0 % of the weight 0.2% of 
the weight or more, It is the compound semiconductor element which consists of laminated-structure 
objects possessing the EI group nitride semiconducting-crystal layer by which the laminating was 
carried out through an aforementioned low-temperature buffer coat and an aforementioned buffer coat 
on the aforementioned single crystal substrate, and which becomes considering hexagonal as a subject. 
[0016] Moreover, in the above-mentioned compound semiconductor element, it is desirable to consist of 
crystal layers in which the aforementioned buffer coat is inherent in the multistory structure in which a 
cubic crystal phase and a hexagonal crystal phase come to carry out a laminating by turns. Moreover, 
this invention is the manufacture method of the above-mentioned compound semiconductor element 
which forms the aforementioned low-temperature buffer coat at 200-degree-C or more temperature of 
550 degrees C or less. 
[0017] 

[Embodiments of the Invention] There is B6P which sets a boron atomic number (=alpha) to 6, and sets 
the Lynn atomic number (=beta) to 1 in the Lynn-ized boron polymer (BalphaPbeta) crystal which 
consists of two or more boron atoms (B) and Lynn atoms (P). Moreover, alpha= 12 and B12P2 of beta= 
2 And B13P2 of alpha= 13 and beta= 2 etc. are known. With the Lynn-ized boron polymer, it is in 
BalphaPbeta on these specifications, and the Lynn-ized boron polymer of beta= 1 or beta= 2 is said by 



http://www4.ipdl j po. go.j p/cgi -bin/tran_web_cgi_ej j e 



6/1 1/03 



Page 4 of 9 



typical 6<=alpha<=13, B6 P and B13P2 The Lynn-ized boron polymer crystal has the crystallized type 
of rhombohedron structure (rhomb ohedric) (refer to above-mentioned J.Am.Cer.Soc. and 47 (1) (1964)). 
Therefore, B13P2 It can use for constituting the crystal layer which makes a hexagonal system crystal a 
subject as a convenient material. 

[0018] The buffer coat which makes a subject the Lynn-ized boron polymer crystal (it is beta= 1 or 
beta= 2 at BalphaPbeta:6 <=alpha<=13) consists of this inventions on the cubic single crystal substrate 
which consists of an Si single crystal. HI hexagonal on the hexagonal buffer coat constituted considering 
the Lynn-ized boron polymer crystal (BalphaPbeta:6 <=alpha<=13, beta= 1, or beta= 2) as a subject It is 
because a group nitride semiconducting-crystal layer may deposit. That is, the buffer coat which makes 
a subject the Lynn-ized boron polymer crystal (BalphaP beta:6<=alpha<=13, beta= 1 or 2) of this 
invention is HI which makes hexagonal a subject as the upper layer. It has the operation which promotes 
growth of a group nitride semiconducting-crystal layer. 

[0019] However, when membrane formation of the buffer coat which is an elevated temperature and 
comes considering hexagonal as a subject on a direct Si single crystal substrate is tried, it is usually that 
the buffer coat which is scattered [ pyramid-like growth islands ] and is continuous is stabilized, and is 
not obtained. Then, in this invention, when obtaining the buffer coat which becomes considering 
hexagonal as a subject, and the buffer coat in which a cubic and hexagonal come to be intermingled, it is 
common, and the composition which inserted the low-temperature buffer coat which formed membranes 
at low temperature further comparatively in the middle with the buffer coat which makes cubic Si 
substrate and hexagonal a subject is adopted. Although this low-temperature buffer coat consists of 
Lynn-ized boron system material, it is characterized by seeing from a crystalline form and constituting 
an amorphous substance (amorphous : amorphous) as a subject. Moreover, this low-temperature buffer 
coat is characterized by being the amorphous crystal layer constituted considering BP monomer crystal 
as a subject, although membranes are formed at low temperature therefore. By preparing such a low- 
temperature buffer coat on Si single crystal substrate, the buffer coat which consists of a Lynn-ized 
boron system crystal can be used as a continuous film. Moreover, if an amorphous substance is 
especially constituted for the surface section of this low-temperature buffer coat as a subject, the 
operation which eases inconsistency with the buffer coat which becomes considering a cubic Si substrate 
and hexagonal [ above ] as a subject will be demonstrated. 

[0020] The low-temperature buffer coat which consists of Lynn-ized boron system material which 
makes an amorphous substance a subject is obtained by forming membranes at low temperature 
comparatively using the same vapor-growth technology as using for growth of the buffer coat described 
later. The range of membranous desirable formation temperature is about 150 to about 700 degrees C in 
general. The range especially of a desirable thing is 200 to 550 degrees C. If membrane formation 
temperature is made into the elevated temperature exceeding about 700 degrees C, it becomes easy to 
become the crystal layer which makes polycrystal or a single crystal a subject, and is inconvenient. 
Moreover, at low temperature about 150 degrees C or less, the membrane formation itself is unstable 
and there is un-arranging [ from which the low-temperature buffer coat of desired thickness is not 
obtained by being stabilized ]. Moreover, also at the lowest, thickness suitable as a low-temperature 
buffer coat is beyond a several nm (nm) grade desirably. For example, particular effect is not done so in 
about 5 A - about about 10A ultra-thin low-temperature buffer coat to form the buffer coat which 
consists of a continuous Lynn-ized boron polymer. 

[0021] The buffer coat which makes a subject the Lynn-ized boron polymer crystal (it is beta= 1 or 
beta= 2 at BalphaPbeta:6 <=alpha<=13) consists of this inventions on cubic Si single crystal substrate in 
which the above-mentioned low-temperature buffer coat was formed. It says that the content (weight 
percentage) of the Lynn-ized boron polymer crystal in a buffer coat is it to constitute the Lynn-ized 
boron polymer crystal for a buffer coat as a subject 95% or more of the whole at least. B13P2 
[ however, ] etc. -- hexagonal crystal percentage is not carried out in 100% That is, constituting the 
whole buffer coat from a hexagonal crystal avoids. B13P2 etc. -- it is because the crystallinity of a buffer 
coat which the stacking-fault affinity of a buffer coat and cubic Si single crystal substrate increases, and 
is established on a substrate will become what more inferior if hexagonal crystal percentage considers as 
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100% Moreover, in the crystal layer in which a cubic phase and a hexagonal phase are intermingled, 
although it is small in a buffer coat in order to constitute the below-mentioned structure which can 
absorb the lattice strain which is based on the difference of a crystal system and generated with 
sufficient convenience, it is desirable to make a cubic crystal exist. In order to constitute the buffer coat 
which has the structure which absorbs distortion of the grid generated based on the difference of the 
crystal system which this invention presents, it is at least 0.1 % of the weight or more, and it is 0.2% of 
the weight or more of percentage, and it is desirable to make the cubic Lynn-ized boron monomer exist 
in a buffer coat. On the other hand, if the Lynn-ized boron monomer is included by about 10% or more 
of weight percentage, it is III of the upper layer. Difficulty is about a group nitride semiconductor layer 
to constitute hexagonal as a subject. The upper in In order to certainly constitute hexagonal for a group 
nitride semiconducting-crystal layer as a subject, percentage of the Lynn-ized boron monomer is 
preferably made into less than 5 % of the weight. It is made a weight ratio, and at 0.1% or more, 
desirable percentage is 10% or less, and is less than 5 % of the weight 0.2 % of the weight or more still 
more preferably. If it puts in another way, the percentage of the desirable Lynn-ized boron polymer will 
be less than 99.8 % of the weight at 95 % of the weight or more. The hexagonal content of BalphaPbeta 
can be calculated using a general X-ray diffraction method etc. Moreover, thereby, the percentage of the 
cubic Lynn-ized boron monomer and the Lynn-ized boron polymer can also be known. 
[0022] When the cubic Lynn-ized boron monomer crystal exists in the interior of the crystal layer which 
makes the hexagonal Lynn-ized boron polymer a subject, distortion based irregularly [ the grid between 
both sides ] spreads to the upper layer of a buffer coat, and degrades the upper crystallinity. In order to 
prevent this, by this invention, a cubic crystal phase and a hexagonal crystal phase constitute a buffer 
coat from a crystal layer which is inherent in the periodic structure which comes to carry out a 
laminating by turns. More specifically, a cubic crystal phase is the phase (phase) or domain (domain) 
which consists of a sphalerite crystal type Lynn-ized boron (BP) monomer crystal. A hexagonal crystal 
phase is a phase which consists of a Lynn-ized boron polymer crystal. If a buffer coat is constituted from 
periodic multistory structure of a cubic crystal phase and a hexagonal crystal phase, random 
interstratification exists in this buffer coat. The lattice strain based on a difference of crystal system is 
absorbable with generating of this stacking fault (stacking fault). That is, the buffer coat which is 
inherent in the periodic structure in which a cubic crystal phase and a hexagonal crystal phase come to 
carry out a laminating by turns has the operation which absorbs the lattice strain resulting from the 
difference of the crystal phase of the crystal which constitutes a buffer coat. If it puts in another way, the 
mutual laminating composition of the cubic phase and hexagonal phase accompanied by random 
interstratification will absorb a lattice strain by generating of random interstratification, and will 
demonstrate the operation which suppresses the distorted propagation to the upper layer. 
[0023] Drawing 1 is BC13 / PC13 / H2. Hexagonal B13P2 which formed membranes at 930 degrees C on 
Si single crystal substrate by the system halide VPE method It is the ** type view of the cross-section 
transmission-electron-microscope (transverse electromagnetic) image of the field where the internal 
crystalline structure of the buffer coat which becomes as a subject, especially the cubic Lynn-ized boron 
monomer (BP) are intermingled. B13P2 shown in drawing 1 The layer 109 which consists of a cubic 
crystal phase which consists of BP in the field 1 1 1 to which the crystal system of a cubic and hexagonal 
both sides lives together in the buffer coat 102 which becomes as a subject, and B13P2 from - it is the 
feature to include the composition in which the layer 1 10 which consists of a becoming hexagonal 
crystal phase carried out the laminating periodically by turns Consequently, the lattice strain resulting 
from the difference of the crystal phase of the crystal which constitutes a buffer coat is absorbed by the 
random interstratification which exists in a buffer coat. 

[0024] The buffer coat which generally consists of a Lynn-ized boron system crystal can be formed 
using the following vapor-growth technology. For example, membranes can be formed by the halide 
(halide) vapor-growth (VPE) method which makes a boron trichloride (chemical formula : BC13) the 
source of boron (B), and makes a phosphorus trichloride (PC13) the source of Lynn (P). Moreover, 
membranes can be formed by the organic-metal pyrolysis vapor growth (the MOCVD method) which 
makes a borane (chemical formula : BH3) or a diboron hexahydride (chemical formula : B-2 H6) the 
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source of boron (B), and makes a phosphine (chemical formula :P H3.) etc. the source of Lynn (P). 
Moreover, membranes can be formed by the hydride (hydride) vapor growth which uses halogenated 
compounds, such as a boron trichloride, and the hydride of Lynn, such as a phosphine, as a raw material. 

[0025] In operation of this invention, in order to constitute a buffer coat by making the Lynn-ized boron 
polymer crystal (BalphaP beta:6<=alpha<=13, beta= 1 or 2) into a subject, when the rate of the supply 
ratio of concentration of Lynn to boron is set or less to about 150, it is convenient at the time of 
membrane formation of the buffer coat by the above-mentioned vapor growth. For example, it is 
desirable to make the rate of the supply ratio of concentration of the phosphorus trichloride (PC13) to a 
boron trichloride (BC13) or less into about 100 by the halide VPE method. 

[0026] Moreover, like the above-mentioned, the general growth temperature about BP system crystal 
layer is an elevated temperature exceeding about 850 degrees C or more, especially about 1000 degrees 
C. However, at the elevated temperature of about 1 100 to 1200 degrees C, the whole BP system crystal 
layer will become what consists of hexagonal BP polymer crystals. That is, a cubic cannot be made 
inherent with sufficient convenience with a desirable weight ratio. On the other hand, if membrane 
formation temperature is comparatively set as low temperature, the probability that a cubic crystal phase 
will appear will tend to go up. The temperature used desirably for the buffer coat which consists of a 
Lynn-ized boron system crystal which makes a subject hexagonal [ which includes a cubic crystal with 
the suitable content which this invention presents ] to be stabilized is from about 800 degrees C to about 
1050 degrees C. 

[0027] Furthermore, it is in obtaining the buffer coat which consists of a Lynn-ized boron system crystal 
which makes hexagonal a subject, and in order to gain the buffer coat which is especially inherent in the 
periodic structure of a hexagonal phase and a cubic phase, it is necessary to limit the range of growth 
temperature more. BC13 etc. - by the halide VPE method which uses a trichloride as a raw material, the 
range of desirable membrane formation temperature is 850 degrees C - 950 degrees C about By the 
MOCVD method which uses a diboron hexahydride (B-2 H6) and a phosphine (PH3) as a raw material, 
suitable growth temperature is about 900 degrees C - about 980 degrees C. this temperature out of range 
and B13P2 which formed membranes especially at about 800-degree C low temperature the buffer coat 
made into a subject - a cubic ~ the crystal grain 1 13 which the whole abbreviation becomes from a 
cubic phase so that the lattice image which the content of BP increased with about 10%, and was 
typically shown in drawing 2 may see - B13P2 of the circumference It has the internal morphology 
buried in the layer 1 10 which consists of a hexagonal phase. Namely, the situation where the field where 
the whole consists of cubic phases exists independently is caused, and the multistory structure a cubic 
phase and a hexagonal phase come to carry out a laminating by turns will be in the state of being hard to 
conclude. 
[0028] 

[Example] (Example 1) in which carried out the laminating of the Lynn-ized boron polymer crystal 
(B13P2) through the buffer coat constituted as a subject hereafter on the cubic single crystal substrate 
which consists of an Si single crystal and which makes hexagonal a subject The case where light 
emitting diode (Light Emitting Diode) is constituted from a laminated-structure object possessing a 
group nitride semiconducting-crystal layer is made into an example, and this invention is explained 
concretely. 

[0029] Drawing 3 is the cross section showing the composition of the outline of Light Emitting DiodelO 
concerning this example. The short wavelength light Light Emitting Diode 10 is constituted considering 
the laminated-structure object 20 which uses a {001}-Si single crystal as a substrate 101 as a parent 
material. The laminated-structure object 20 is the buffer coat 102 containing the low-temperature buffer 
coat deposited on the front face of the n form Si substrate 101, and III which carried out the laminating 
on this buffer coat 102. It consists of light-emitting parts 106 which consist of a group nitride 
semiconducting-crystal layer. 

[0030] The buffer coat 102 which sets thickness to about 42 micrometers consists of two-layer 
multistory structures of the 1st layer 102a and 2nd layer 102b. 1st layer 102a joined to the front face of 
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the Si substrate 101 consists of Lynn-ized boron monomers (BP) with a thickness of about 2 
micrometers which formed membranes at 350 degrees C by the boron trichloride (chemical formula : 
BC13) / phosphorus trichloride (chemical formula :P [3 ] CI.) / the hydrogen (H2) system-of-reaction 
halide (halyde) VPE method. 1st layer 102a which is 1 composition layer of a buffer coat 102 constitutes 
the amorphous substance of Lynn-ized boron as a subject. The constituent except amorphous has the 
main polycrystalline substance (grain) of the single crystal object (grain) of the Lynn-ized boron 
monomer which exists in a junction interface with the Si substrate 101, and the Lynn-ized boron 
monomer which exists in the abbreviation center section of layer 102a. 2nd layer 102b is PC13 / BC13 by 
the same halide VPE method. It is the crystal layer which set the supply ratio as about 60 and formed 
membranes on 1st layer 102a at 1030 degrees C. This layer 102b is n form layer (carrier concentration 
=2.3x101 8cm-3) which doped Si using the disilane (chemical formula : Si two H6), and thickness is 
about 40 micrometers. Therefore, 2nd layer 102b is hexagonal B13P2 to the usual X-ray diffraction 
method. It is proved that it is the buffer coat which made the subject the hexagonal crystal which makes 
a content 98 % of the weight. The component of others of 2nd layer 102b was the cubic Lynn-ized boron 
monomer, and the content was 2 % of the weight. 

[003 1] The layer which carried out the laminating to the front face of 2nd layer 102b is the n form 
hexagonal gallium-nitride (GaN) layer 103 of Si dope which formed membranes by the halide VPE 
method as well as the case of a buffer coat 102. On the n form GaN layer (carrier concentration 
=l.lxl018cm-3) 103, the hexagonal gallium-nitride indium mixed-crystal (Ga0.90In0.10N) layer 104 of 
n form has deposited. On n form Ga0.90In0.10 N layer 104, the laminating of the hexagonal- 
alumimium-nitride gallium mixed-crystal (aluminumgammaGal-gammaN) layer 105 of p form of a 
magnesium (Mg) dope is carried out. moreover, the aluminum composition ratio in this p form 
aluminumgammaGal-gammaN layer 105 (=gamma) -- the front face from the interface of 
GaO.90InO.10N layer 104 -- going -- the direction of a laminating of this layer - gamma - 0.20 to 0 
(zero) - monotonous - abbreviation - inclination is attached so that it may decrease linearly The light- 
emitting part 106 of Light Emitting DiodelO consists of double hetero structures which use as an up clad 
layer the above-mentioned p form aluminumgammaGal-gammaN layer 105 to which above 
Ga0.90In0.10N layer 104 which uses as a lower clad layer the above-mentioned n form GaN layer 103 
which sets thickness to about 3 micrometers, and sets thickness to about 0.08 micrometers was made 
into the luminous layer, and thickness gave inclination to the aluminum composition ratio by 0.2 
micrometers. 

[0032] As the 1st layer 102a which constitutes a buffer coat 102, since above-mentioned each class 103, 
104, and 105 which constitutes the light-emitting part 106 of Light Emitting DiodelO has laid the low- 
temperature buffer coat at 350 degrees C on Si substrate front face, it serves as a film which excels 
[ each ] in a continuity. Moreover, it is 2nd layer 102b which constitutes a buffer coat 102 B13P2 
Because was constituted from a buffer coat which consists of a hexagonal crystal made into a subject, 
the crystallized type with which above-mentioned each class 103, 104, and 105 becomes considering 
hexagonal as a subject was unified. Hexagonal EI which constitutes each class 103, 104, and 105 The 
weight ratio of a group nitride semiconducting-crystal layer was pushed, and was 97% in general. 
[0033] The main part of Light Emitting DiodelO arranges the p form ohmic electrode 107 respectively 
on the front face of the aluminumgammaGal-gammaN layer 105 to which the rear face of Si single 
crystal substrate 101 was made to carry out the inclination of the aluminum composition which is an up 
clad layer about the n form ohmic electrode 108 again, and constitutes it on it. Both ohmic electrodes 
107 and 108 of both consist of aluminum. 

[0034] Conduction of the operating current of 20mA (mA) was carried out to the forward direction 
between an electrode 107 and 108, and Light Emitting DiodelO was made to emit light. From Light 
Emitting DiodelO, outgoing radiation of the blue glow which has the spectrum which sets emission 
center wavelength to about 455nm, and sets half-value width to about 12nm was carried out. The 
luminescence intensity measured using a common integrating sphere turned into high intensity of about 
23 microwatts (muW). 

[0035] (Example 2) In case Light Emitting Diode of a publication and same Light Emitting Diode are 
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constituted from this example in the example 1, the case where Light Emitting Diode is constituted from 
a laminated-structure object possessing the buffer coat which connotes the multistory structure a cubic 
crystal phase and a hexagonal crystal phase come to carry out a laminating by turns unlike the case of an 
example 1 is made into an example, and the content of this invention is explained more concretely. 
[0036] Light Emitting Diode30 concerning this example 2 is shown in drawing 4 . In this example 2, 1st 
layer (low-temperature buffer coat) 102a which becomes considering amorphous BP monomer as main 
at 400 degrees C by the diboron hexahydride (chemical formula : B-2 H6) / phosphine (PH3) / the 
hydrogen (H2) system MOCVD method was deposited on the {001 }-Si single crystal substrate 101. The 
thickness of 1st layer 102a could be about 15nm. B13P2 [ hexagonal (rhombohedron structure) to a 1st 
layer 102a top ] The crystal layer made into a subject was formed at 930 degrees C as the 2nd layer 
(buffer coat) 102b which constitutes a buffer coat 102. PH3 / B-2 H6 at the time of membrane formation 
The supply ratio (=V/ni ratio) was set as about 120, and was formed. B13P2 which constitute 2nd 
formed layer 102b The element of an except is cubic BP. the cubic of 2nd layer 102b — if the content of 
BP depends on the analyzing method - 4 % of the weight -- it is -- hexagonal B13P2 The content was 
96% of the weight 

[0037] When depending on the result which observed the internal configuration of 2nd layer 102b which 
sets thickness to about 8 micrometers by the cross-section transverse-electromagnetic method, the field 
where a cubic phase and a hexagonal phase live together existed in the interior of 2nd layer 102b. Here, 
in the field a cubic phase (layer which presents a cubic lattice), and a hexagonal phase (layer which 
presents a hexagonal lattice) come to carry out a laminating by turns periodically, existence of the 
random interstratifi cation based on generating of a stacking fault was accepted. Inside the mutual 
periodic laminated structure of a cubic phase and a hexagonal phase, it depended on generating of this 
stacking fault, and it became what is recognized that influencing in the upper part of a crystal defect is 
suppressed with sufficient convenience. 

[0038] Like ****, the crystal defect was absorbed and the laminating of the aluminumgammaGal- 
gammaN layer 105 which attached inclination was carried out to the Si dope n type GaN layer 103, 
Ga0.90InO. 10N layer 104, and aluminum composition ratio which have the laminated-structure object, 
the same thickness, and carrier concentration of a publication in the above-mentioned example 1, 
respectively on the buffer coat 102 which consists of composition which suppresses introduction of the 
defect to the upper part. And the laminated-structure object 40 of the Light Emitting Diode use 
possessing the light-emitting part 106 which uses the Si dope n type GaN layer 103 as a lower clad 
layer, makes Ga0.90In0.10N layer 104 a luminous layer, and uses the aluminumgammaGal-gammaN 
layer 105 (however, the inclination of gamma= 0.20->0 is given to aluminum composition ratio like the 
example 1) as an up clad layer was constituted, p form and the n form ohmic electrodes 107 and 108 
were formed in the laminated-structure object 40 like the example 1. 

[0039] Thus, from produced Light Emitting Diode30, when conduction of the 20mA current was carried 
out to the forward direction, the blue glow which sets main wavelength to 455nm was emitted. Though 
Light Emitting Diode30 of above-mentioned Light Emitting DiodelO and above-mentioned 
luminescence wavelength of an example 1 produced by this example 2 was the same, the half-value 
width of an emission spectrum was still narrower as compared with Light Emitting Diode of about lOnm 
and an example 1. Moreover, the luminescence intensity measured using a common integrating sphere is 
about 26microW, and was further set to Light Emitting Diode of high luminescence intensity from Light 
Emitting Diode of an example 1. Thus, since a crystal defect can form the light-emitting part which 
consists of a few crystal layer on the buffer coat which connotes the composition which can absorb the 
lattice strain resulting from the difference of a crystal phase, as compared with Light Emitting Diode 
produced in the example 1, blue Light Emitting Diode of high intensity which is more excellent in 
monochromaticity is brought about in the example 2. 
[0040] 

[Effect of the Invention] III which will make hexagonal a subject on the substrate which consists of an 
Si single crystal of a sphalerite type cubic if it depends on invention of this specification according to 
claim 1 The laminated-structure object which consists of a group nitride semiconducting-crystal layer 



http ://www4 . i pdl j po. go.j p/cgi -bin/tran_web_cgi_ej j e 6/11 /03 



Page 9 of 9 



can be constituted. From such a laminated-structure object, emission spectrum half-value width is 
******(ed) and compound semiconductor element, such as Light Emitting Diode which is excellent in 
monochromaticity and is excellent in properties, such as having high luminescence intensity, is brought 
about. 

[0041] If it is in Light Emitting Diode, LD, etc. by the ability using as a substrate sphalerite type Si 
single crystal which there is conductivity and moreover presents clear cleavage nature especially unlike 
sapphire, formation or decision (chip-izing) of an ohmic electrode can carry out easily, and the 
compound semiconductor element which is excellent in a property can produce simple like the above. 
[0042] Moreover, HI which is excellent in the crystallinity formed as a ground layer in the crystal layer 
which can offer the composition which can absorb the lattice strain resulting from the difference of a 
crystal phase with sufficient convenience if it depends especially on invention of this specification 
according to claim 2, and is inherent in this structure From the laminated-structure object which consists 
of a group nitride semiconductor layer, it is effective in compound semiconductor element, such as the 
Light Emitting Diode which is excellent in properties, such as luminescence intensity, being brought 
about. 



[Translation done.] 
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